Experimental Procedure
General. Pigs weaned at 3 wk. were fed 17% protein diets to provide diets that were at least adequate in protein (Jensen at al., 1957) or 20% protein diets to provide greater quantities of the essential amino acids---except methionine ~ cystine (Becker, Jensen and Harmon, i966) , than required by the 5 to 6 kg. pig (Meade et al., 1965) . It was assumed that 17 % protein diets would be adequate for pigs weaned at 5 wk. and that 16% protein diets would suffice for pigs nursing their dams to 8 wk.; Meade et al. (1965) demonstrated that simplified 16% protein diets were adequate to support rapid gains but not maximum gain/feed in growing pigs weaned at 3 weeks. All pigs had access to a 16% protein corn-soybean meal diet full-fed to the darn during the suckling period in all but experiment 2. The composition of the pig starters is shown in table 1. Sows and their litters, and litters of weaned pigs, were maintained in concrete-floored pens throughout the experiments and fresh water was supplied from automatic fountains.
Corn-soybean meal diets (table 2) Containing 15% protein were self-fed during the period from 8 wk., or about 20 kg., to 45.4 kg. and 12% protein diets were fed during the period from 45.4 kg. to completion of each study. Pigs were kept in concrete-floored pens throughout the final growing period; the pens were bedded with straw or wood shavings and fresh water was supplied at all times.
Pigs were weighed individuaIly at 2I, 35 and 56 days of age, or when litters averaged about 20 kg., during the early growing period. They were weighed individually at 14-to 21-day intervals during the final growing period and at 7-day intervals when individual pigs were completing experiment or being removed for slaughter. Individual animals were removed for slaughter when they attained minimum weights of 90 to 92 kiIograms. Within experiments, an attempt was made to slaughter the same numbers of barrows and gilts from pens or litters of pigs involved. In some instances, it was not possible to accomplish this objective because of distribution of pigs by sex within litters.
Data have been analyzed statistically using analysis of variance and covariance as appropriate with the pen or litter of pigs as the experimental unit, Experiment 1. All pigs used in this experiment were weaned initially at 3 wk. and randomly assigned from within litters to treatments as shown in table 3. Those pigs designated for final weaning at 5 and 8 wk. were assigned to foster dams in an effort to remove maternal influence. "Modified" litters were made up to eight or nine pigs of equivalent size and vigor to assure approximately equal competition within each litter. Pigs weaned to, 17 and 20% protein diets at 3 wk. or weaned at 5 wk. were formed into two replicate groups of 12 pigs within treatments and these groups,were continued intact throughout the experiment. Pigs weaned at 8 wk. were formed into two replicate groups of 12 at that time and these groups were continued throughout the experiment. Eight pigs were slaughtered from each replicate lot.
Experiments 2 and 3. These experiments were conducted at separate locations. All pigs were not weaned at 3 wk. and reallotted to treatments as in experiment 1. In experiment 2, individual litters of pigs were randomly assigned from each of nine blocks of four litters to provide nine litters on each of the treat- ments indicated in table 4. Pigs weaned at 3 wk. in experiment 2 were fed the assigned starters until they attained average within litter weights of about 20 kilograms. In experiment 3, pigs were changed from the starters to the 15% protein diet when they were 8 wk. old. Litters were adjusted to eight pigs at 20 kg., or 8 wk., in experiment 2 and to six pigs at 8 wk. in experiment 3 because of space limitations. In all instances, attempts were made to place representative pigs in groups continuing on experiment; exceptionally large pigs were usually eliminated. Six pigs were slaughtered from each litter in experiment 2, and all pigs completing experiment were slaughtered in experiment 3.
Experiment 4. In this and later experiments, the corn-soybean meal diets and these diets modified to contain 5% sucrose, 5% dried skimmilk and 3% fish meal were fed within each major treatment (table 6). The latter modification was made in an effort to increase acceptability of starters and to include a comparison of dietary and management variables that might cause pigs to gain at different rates following weaning at 21 days of age. Two litters of nine pigs were assigned per kind of starter within each of the four major treatments. The individual litters were fed the assigned starters until they attained within litter average weights of about 20 kg., or were 8 wk. old, at which time litter size was reduced to six because of space limitations and 15% protein corn-soybean meal diets were fed. One litter was eliminated from each major treatment during the final growing period because of severe tail biting and the data were combined by major treatment for this period because of a lack of effect of kind of starter on rate and efficiency of gain. Five pigs were slaughtered from each litter.
Experiment 5. This experiment was conducted at four locations. Four litters were assigned to each treatment (two per kind of starter) at Stations A, B and D, and six litters to each treatment (three per kind of starter) at Station C. Thus, 18 litters were assigned to each major treatment (table 7) and nine were fed each kind of starter within treatment. At Stations A, B and C, individual litters were fed assigned starters until average within litter weights were approximately 20 kg. with the result that some litters were more than 56 days old at the termination of the initial growing period. Litter size was reduced to six pigs at Stations A, B and D at the start A=Corn-soybean meal diets; B=Corn-soybean meal diets modif-ed to contain 5% sucrose, 5% dried skimmilk and 3% fish meal.
b fected. There appeared to be a trend toward greater cross-sectional area of the 1. dorsi and increased yield of trimmed ham and loin with increased age at weaning, but not due to increased protein content of the diet fed pigs weaned at 3 weeks. As shown in table 4, pigs weaned at 8 wk. were significantly heavier at that age than pigs weaned at 3 wk., and 8-wk. weights of pigs weaned at 5 wk. were intermediate. Pigs weaned at 3 wk. consumed significantly (P<.01) more feed than those weaned at 5 and 8 wk., although the latter two groups did not have access to feed given to the sow. Gain/feed was significantly (P< .05) less (0.52 vs. 0.57) when pigs weaned at 3 wk. were fed the 17 vs. the 20% protein diet. Means for gain/feed for pigs weaned at, 5 and 8 wk were significantly (P<.01) greater than those for pigs weaned to 17 and 20% protein diets at 3 weeks. The mean for gain/feed for pigs weaned at 8 wk. was significantly (P<.01) greater than that for pigs weaned at 5 weeks.
Rate of gain during the growing period subsequent to 8 wk., or 20 kg., was not significantly affected by treatment during the early growing period. Gain/feed for pigs weaned at 5 wk. was significantly (P~.01) greater than that for pigs weaned to 20% protein diets at 3 wk., and that of pigs weaned to 20% protein diets at 3 wk. was significantly (P<.05) less than resulted when pigs were weaned to 17% protein diets at 3 wk., or were weaned at 8 weeks. Pigs weaned at 8 wk. yielded carcasses with significantly (P<.05) less backfat than those from pigs weaned to 20% protein diets at 3 weeks. None of the other measures of carcass leanness was significantly affected by treatments to which the pigs were subjected during the initial growing period. Although unequal numbers of barrows and gilts were slaughtered from within separate litters, there were no significant effects of block (litter) on any response criterion for carcass leanness.
Experiment 3. The summary in table 5 shows the generally low level of performance for all pigs in this experiment, but pigs weaned at 8 wk. were significantly (P<.01) heavier at that age than were pigs that had been weaned at 3 or 5 weeks. The 17% protein diet supported less efficient gains during the period from 3 to 8 wk. for pigs weaned at 3 wk. than the 20% protein diet. Rate of gain and gain/ feed during the growing period subsequent to 8 wk., and carcass leanness, were not significantly affected by treatment to which the pigs were subjected prior to 8 weeks.
Experiment 4. Pigs weaned to 20% protein diets at 3 wk., and those weaned at 8 wk., were heavier at 8 wk. than pigs weaned to 17% protein diets at 3 wk. and those weaned at 5 wk. (table 6 ), but differences were not significant. Gain/feed was significantly (P<.05) increased when pigs weaned at 3 wk. were fed 20% relative to 17% protein diets. Means for gain/feed for pigs weaned at 5 and 8 wk. differed significantly (P~.01) from each other as well as from means for gain/feed by pigs weaned at 3 weeks. Pigs weaned at 5 and 8 wk. tended to consume greater quantities of the starters modified to contain 5% sucrose, 5% dried skimmilk and 3% fish meal than of the corn-soybean meal diets. This trend was not apparent when pigs were weaned to dry diets at 3 wk., and 56-day weights and gain/feed were not consistently enhanced by feeding the modified starter during the early growing period. None of the dietary or management variables imposed during the early growing period significantly affected rate of gain or gain/feed during the final growing period, or measures of backfat thickness other than backfat thickness. Pigs weaned at 3 wk. to 20% protein diets, and heavier at the initiation of the final growing period, yielded carcasses with significantly (P<.05) greater backfat thickness than resulted with other treatments. Carcasses from pigs weaned at 5 wk. had Iess (P~.05) backfat than those from pigs assigned to other major treatments. , respectively) . Pigs weaned at 3 wk. consumed more feed than those weaned at 5 or 8 wk., but pigs weaned at the, older ages had access to the 16% protein cornsoybean meal diet fed to the sows during lactation. Pigs weaned at 5 and 8 wk. were only slightly younger at final weights of about 92 kg. than pigs weaned at 3 wk. (table 7) . Daily gains during the final growing period were unaffected by location (station), kinO of starter, protein content of starter fed pigs weaned at 3 wk. or age at weaning. Gain/feed during the final growing period was unaffected by kind of starter, protein content of the starter fed pigs weaned at 3 wk. or age at weaning. None of the measures of carcass leanness was significantly affected by the dietary or management variables imposed (table  7) . Treatment means by station have been omitted to conserve space.
Experiment 6. As is evident from table 8, rate of gain and gain/feed were not significantly affected by kind of starter fed from, 3 wk. until pigs attained within litter average weights of about 19 kg., protein content of the starter fed pigs weaned at 3 wk., or age at weaning. Final ages reflect small differences in ages at which litters of pigs attained within litter average weights of about 19 kilograms. Neither dressing percent, backfat thickness, cross-sectional area of the l. dorsi, WarnerBratzler Shear value nor expressible moisture ratio was significantly affected by dietary and management variables imposed during the feeding period from 3 wk. to about 19 kilograms. Likewise, percentages of dry matter, protein and ether extract in lean tissue from the I. dorsi were not altered by dietary and ma~qagement variables during the early growing period.
Discussion
In three of six experiments (1, 2 and 3), pigs weaned at 8 wk. were significantly (P( .01 ) heavier at that age than were pigs weaned a A-----Corn-soybean meal diets; B~Corn-soybean meal diets modified to contain 5% sucrose, 5% dried skimmilk and 3% fish meal.
Three lots of seven pigs per treatment. e Values following hyphen indicate numbers of barrows slaughtered.
Briskey et al. (1959) . e Lean tissue obtained from I. dorsi at level of 10th to 12th ribs.
to dry diets at 3 weeks. This may reflect limited feed consumption by pigs immediately following weaning at 3 wk. with a resultant "check" in growth rate, or stunting, as described by Smith and Lucas (1956) . The lack of this effect in the last three experiments may reflect modifications in management practices which permitted the pigs to eat with the sow prior to weaning at 3 wk. with the result that they consumed pig starters more readily following weaning at the early age. Consumption of larger quantities of feed by pigs weaned at 3 wk. relative to 5 or 8 wk. was anticipated, as the latter had access to feed given the sow during lactation in addition to milk from the sow.
Pigs fed 20% protein diets following weaning at 3 wk. had greater gain/feed ratios in experiments 2, 3 and 4 than did pigs fed the 17% protein diets. This may indicate that the 17% protein diets were capable of supporting as rapid but not as efficient gains as the diets containing 20% protein. Meade et al. (1965) reported that pigs fed 16% protein diets gained as rapidly as those fed 18 and 20% protein diets, but the latter levels of dietary protein had to be fed to maximize gain/feed.
It was known that pigs weaned to dry diets at an early age preferred diets containing sucrose, dried skimmilk and fish meal to simplified diets, e.g., a corn-soybean meal diet (Nelson et al., 1953; Lewis et al., 1955) . However, in this study, pigs weaned at 3 wk. generally did not consume larger amounts of diets containing sucrose, dried skimmilk and fish meal than of the corn-soybean meal diets. Thus, corn-soybean meal diets appeared to be as acceptable as the modified starters when the pigs had no choice of diet and consumed feed readily following weaning at an early age. It must be recognized that the quantities of sucrose and dried skimmilk may have been too small to cause substantial increases in accepta-bility of the diets. In another study, pigs consumed significantly larger amounts of cornsoybean meal diets modified to contain 10% sucrose, 10% dried skimmilk and 3% fish meal than of the original corn-soybean meal diets, but without significant effects on rate and efficiency of gain during the growing period subsequent to 9 wk. or on carcass characteristics (Meade et al., 1969a) .
Major objectives of this series of experiments were to determine the effects of dietary and management variables during the growing period from 3 to 8 wk., or about 20 kg., on rate and efficiency of gain during the subsequent growing period and on carcass characteristics, including composition of lean tissue. As shown in table 4, significant differences existed between means for gain/feed for groups of pigs weaned at different ages. However, neither rate of gain nor gain/feed during the final growing period was significantly affected by age at weaning, protein content of the diet fed pigs weaned at 3 wk., or kind of starter in experiments 4 through 6. Meade et al. (1969a) were unable to show a significant effect of kind of starter and its protein content on rate and efficiency of gain subsequent to 63 days. Generally, pigs fed a complex starter were heavier at 63 days, but this increase in weight did not result in more rapid and efficient gains subsequent to that age.
If early feeding and management practices had resulted in stunting of the pigs, this might have resulted in increased fat content of the carcass (McMeekan, 1940) and exerted a deleterio~us effect on carcass leanness and quality. Thus, pigs weaned at 3 wk. in experiment 3 might have been expected to be fatter than those weaned at 8 weeks. However, there were no significant effects of age at weaning or protein content of the diet fed pigs weaned at 3 wk. on carcass characteristics. In experiment 1, pigs weaned at 8 wk. had significantly (P~.01) less backfat than those weaned at 3 and 5 wk. (table 3) , but other measures of carcass leanness were unaffected. These pigs were heavier at 8 wk. than pigs weaned at younger ages. Pigs weaned at 8 wk. had significantly (P~.05) less backfat than those weaned to 20% protein diets at 3 wk. in experiment 2 (table 4), but other carcass characteristics were unaffected. In experiment 4, pigs weaned to 20% protein diets at 3 wk. had significantly more backfat than those assigned to other treatments. None of the other measures of carcass leanness other than backfat thickness was significantly affected by kind of starter, protein content of the diet fed pigs weaned at 3 wk. or age at weaning in any of the experiments. Lucas et al. (1959) reported that pigs weaned at 10 days and weighing 22.7 kg. at 56 days gained 7 to 8% more slowly and required 7 to 9% more feed during the growing period subsequent to 22.7 kg. than pigs nursing sows and weighing 22.7 kg. at 56 days. Pigs weaned at 10 days and restricted to weigh 13.6 kg. at 56 days or 22.7 kg. at 90 clays gained more rapidly and efficiently during the period subsequent to 22.7 kg. than pigs that had attained that weight at 56 days. The pigs that had developed more slowly during early life also tended to have smaller fat measurements and larger loin eye areas. Boaz and Elsley (1962) reported similar results. Elsley (1963) reared pigs along different growth curves following early weaning so that they weighed 22.7, 18.2 or 13.6 kg. at 56 days, and reared pigs nursing sows so that they weighed 22.7 kg. at 56 days. Pigs weighing less at 56 days gained more rapidly and efficiently during the growing period after they attained weights of 22.7 kilograms. There were no differences in rate of gain, gain/feed or carcass measurements when pigs weighed 22.7 kg. at 56 days whether they had been weaned at an early age or nursed their dams to 56 days. Nielsen (1964) controlled feed intakes of young pigs so that they attained weights of 20 kg. at 59, 68, 80 or 91 days of age. Pigs that were older when they attained weights of 20 kg. ate more feed, gained more rapidly and had better gain/feed ratios during the final growing period than pigs that were younger at 20 kilograms. Increased age at 20 kg. also resulted in a significant decrease in backfat thickness and an increase in loin eye area; pigs fed ad libitum during the period subsequent to 20 kg. had a greater area of eye muscle when they were older at 20 kilograms.
Since the determination of cross-sectional area of the I. dorsi and yields of trimmed ham and loin are not good indicators of quality in the sense that they give no measure of tenderness or composition of the lean tissue, the final experiment was conducted to determine whether the dietary and management variables imposed on pigs prior to about 19 kg. would exert deleterious effects on some measures of meat quality. The summary in table 8 shows that Warner-Bratzler Shear values were not significantly affected by any treatment and that the respective means for percentages dry matter, protein and ether extract in the lean tissue did not differ significantly. Wyllie et al. (1966) depressed early gains by feeding a low-protein diet to pigs weaned at an early age, but subsequent rate and efficiency of gain and carcass characteristics were not adversely affected. Wyllie et al. (1967) reported that feeding low-protein diets to pigs weaned at an early age and during the subsequent growing period significantly increased ether extract content of lean tissue from the I. dorsi but did not affect other carcass characteristics. Meade et al. (1969b) were unable to demonstrate an effect of feeding low-protein corn-soybean meal diets during the period from 3 wk. to about 23.5 kg. on composition of the lean tissue from the l. dorsi from carcasses of pigs slaughtered at about 91 kilograms.
Summary
One-hundred-eighty litters of pigs were used in six experiments to determine the effects of age at weaning (3 vs. 5 vs. 8 wk.) and protein content of the diet fed pigs weaned at 3 wk. (17 vs. 20~) on rate and efficiency of gain of pigs to 8 wk. of age, or about 20 kilograms. In experiments 4, 5 and 6, the effect of kind of starter (simplified vs. moderately complex) on these response criteria was also investigated. Twelve hundred pigs were continued through the growing period subsequent to 8 wk., or about 20 kg., to determine effects of early treatments on subsequent rate of gain and gain/feed; 928 pigs were slaughtered to investigate treatment effects on carcass leanness, and 157 of these were used to obtain additional data on the influence of dietary and management variables on tenderness and composition of the lean tissue from the 1. dorsi.
In three of six experiments, pigs weaned at 8 wk. were significantly (P<.01) heavier at that age than pigs weaned at 3 or 5 wk., but this result was not found in the last three experiments involving 112 litters. Pigs fed 20% protein diets when weaned at 3 wk. had greater gain/feed ratios from 3 to 8 wk. in three experiments than those fed 17% protein diets.
Pigs weaned at 8 wk. had significantly (P<.01) less backfat than those weaned at 3 and 5 wk. in one experiment and significantly (P<.05) less backfat than those weaned to 20fi) protein diets at 3 wk. in two experiments. Dressing percent, cross-sectional area of the 1. dorsi and percentage yields MEADE ET AL.
of trimmed ham and loin were not significantly affected by any of the treatments imposed on pigs during the early growing period. Warner-Bratzler Shear values, expressible moisture ratios and percentages dry matter, protein and ether extract of lean tissue from the l. dorsi were not altered by treatments to which pigs were subjected during the early developmental period.
The results of this series of experiments suggest that rapid gains are not essential during the early growing period of pigs weaned at an early age to assure maximum gains and gain/feed during the period subsequent to 20 to 22.7 kg., as well as to attain maximum carcass leanness. On the other hand, these results do not indicate that rapid early development adversely affects subsequent rate of gain, gain/feed and carcass leanness.
